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(26/310;	 8.4%),	 Candidatus	 Midichloria	 sp.	 (18/310;	 5.8%),	 Theileria equi	 (16/310;	
5.2%),	Babesia caballi	(5/310;	1.6%),	T. orientalis	(1/310;	0.3%),	Borrelia afzelii	(1/310;	




153/481	(31.8%)	of	the	bovine	blood	samples.	DNA	of	B. bovis, B. bigemina and A. 
marginale	was	not	detected	in	the	ticks	or	bovine	blood	samples	from	Khentii	district.






winters.	The	 traditional	 lifestyle	of	 its	 inhabitants	 is	nomadic,	 and	
although	 changing	 environmental	 and	 socio-economic	 conditions	
have	impacted	Mongolian	pastoralism,	livestock	husbandry	still	plays	





anaplasmosis	 (Anaplasma marginale),	 bovine	 babesiosis	 (Babesia 
bigemina and B. bovis)	 and	 Theileria orientalis	 in	 Mongolian	 cattle	

















to	be	a	benign	parasite,	but	 the	emergence	of	 a	novel	T. orientalis 
genotype	(Ikeda)	is	associated	with	outbreaks	of	clinical	theileriosis	
in	Australia,	Japan	and	New	Zealand	(Watts	et	al.,	2016).
All	 of	 the	 above-mentioned	 pathogens	 were	 reportedly	 de-





ale, B. bigemina and B. bovis	(Altangerel	et	al.,	2011;	Sivakumar	et	al.,	
2012;	Ybanez	et	al.,	2013).	A	serosurvey	of	cattle	samples	collected	
between	2014	and	2016	 in	Mongolia	 showed	a	 seroprevalence	of	




et	 al.,	 2010),	 biological	 transmission	 of	 A. marginale, B. bigemina 
and B. bovis	 is	mainly	associated	with	one-host	Rhipicephalus	ticks,	
which	occur	 in	 subtropical	 and	 tropical	 regions	of	 the	world	 (Roy,	
Estrada-Pena,	 Krucken,	 Rehman,	 &	 Nijhof,	 2018).	 The	 transmis-
sion	of	T. orientalis	in	Asia	and	Australasia	is	mainly	associated	with	
Haemaphysalis longicornis	 (Uilenberg,	 Perie,	 Spanjer,	 &	 Franssen,	
1985).	 Interestingly,	none	of	the	tick	species	previously	associated	
with	 the	 transmission	 of	 these	 pathogens	 are	 known	 to	 occur	 in	
Mongolia,	where	 seven	 tick	 species	 are	 known	 to	 infest	 cattle:	D. 
nuttalli, D. silvarum, D. marginatus	 (previously	 reported	 under	 the	
synonym	 D. daghestanicus	 (Estrada-Pena	 &	 Estrada-Pena,	 1991)),	
Haemaphysalis pospelovashtromae, Hyalomma asiaticum, Hy. dromeda‐
rii, Ixodes persulcatus and Rhipicephalus pumilio	(Arthur,	1960;	Dash,	
Bjamba,	&	Splisteser,	1989;	Walker,	Keirans,	&	Horak,	2000).






species.	Khentii	 province	was	 selected	 as	 the	most	 suitable	 study	
site	since	it	was	reported	to	be	the	region	with	the	highest	overall	
infection	 rates	 of	 the	 above-mentioned	 pathogens.	 The	 collected	
samples	were	subsequently	screened	for	the	presence	of	TBPs	using	
a	reverse	line	blot	hybridization	assay	(RLB;	Nijhof	et	al.,	2007).
2  | MATERIAL S AND METHODS
2.1 | Sample collection
The	field	survey	was	conducted	in	May	and	June	2013	in	six	districts	
(soums)	 in	 Khentii	 province:	 Tsenkhermandal,	 Dadal,	 Jargaltkhaan,	
Binder,	 Delgerkhaan	 and	 Bajan-Adarga.	 DNA	 of	 A. marginale, B. 
bigemina, B. bovis and T. orientalis	 was	 previously	 detected	 in	 bo-
vine	 blood	 samples	 collected	 in	 the	 first	 four	 districts	 (Altangerel	







a	perfect	 test,	 it	was	 calculated	 that	 at	 least	58	animals	 should	be	
sampled	per	district	in	order	to	detect	the	above-mentioned	patho-
gens	 (Fosgate,	2009).	Since	 it	cannot	be	assumed	that	the	RLB	 is	a	
perfect	test,	the	sample	size	was	increased	to	80	animals	per	district.	
Consequentially,	blood	samples	and	ticks	were	collected	from	eight	
one-	 to	 three-year-old	animals	 from	each	herd.	As	only	six	animals	
could	 be	 sampled	 in	 one	 herd	 in	 Delgerkhaan,	 the	 remaining	 two	
samples	were	 collected	 from	 the	11th	herd	 in	Tsenkhermandal	 for	
logistical	reasons.	Selection	of	the	animals	was	based	on	convenience	
sampling,	 that	 is	 the	 first	 eight	 animals	 that	 became	 available	 dur-
ing	the	visit	to	the	herd.	Blood	was	collected	from	the	Vena jugula‐
ris	 in	 ethylenediaminetetraacetic	 acid	 (EDTA)	 containing	vacutainer	
tubes	(BD	Biosciences,	Franklin	Lakes,	NJ,	USA)	and	initially	chilled	
in	a	cooler	with	frozen	cold	packs.	During	sampling,	the	body	of	the	
animals	 was	 inspected	 for	 the	 presence	 of	 ticks.	 If	 present,	 ticks	
were	 collected	 and	 stored	 in	 70%	 ethanol.	 A	 number	 of	 ticks	 col-





Technology	 Associates	 (FTA)	 Classic	 cards	 (FTA	 cards,	 Whatman	
Biosciences)	and	allowed	to	air-dry	over	night	at	room	temperature.	
The	remaining	EDTA	blood	was	subsequently	stored	at	−20°C.	Ticks	
were	 also	 collected	 ad hoc	 from	 the	 vegetation	 near	 the	 herds	 by	









Ticks	were	 identified	 at	 the	 Institute	 for	Parasitology	 and	Tropical	
Veterinary	 Medicine	 of	 the	 Freie	 Universität	 Berlin	 using	 a	 ster-
eomicroscope	 and	 several	 identification	 keys	 (Arthur,	 1960,	 1962;	



























(Macherey-Nagel)	 following	 the	manufacturer's	 instructions.	 The	
quality	and	quantity	of	the	extracted	DNA	samples	were	measured	
using	 a	 Take3	 plate	 in	 an	 Epoch	 Microplate	 Spectrophotometer	
(BioTek®).	All	DNA	extracts	were	stored	at	−20°C.




of	Babesia and Theileria	species	and	the	16S	rRNA	gene	of	Anaplasma, 
Ehrlichia, Rickettsia and Midichloria	 species	 were	 amplified	 using	














Laboratories).	Positive	controls	used	included	A. marginale, B. bovis 




probe	Anaplasma	 sp.	Mongolia	 (5′-CCA	 CCA	AGG	CGG	 TGA	 TCT	
GT-3′)	containing	a	C12-aminolinker	was	used.
For	 the	 phylogenetic	 analysis	 of	 a	 previously	 uncharacterized	
Anaplasma	species,	a	larger	fragment	of	the	16S	rRNA	gene	was	am-
plified	 from	 bovine	 blood	 DNA	 as	 previously	 described	 (Rehman,	
Conraths,	Sauter-Louis,	Krucken,	&	Nijhof,	2018).	In	addition,	a	1446-
nt	 fragment	 of	 the	 groEL	 and	 a	 632-nt	 fragment	 of	 the	msp5	 gene	
were	 amplified	 from	 the	 same	 sample	 using	 primer	 combinations	
AMgroES-111F1/AMgroES1557R1	and	AM-49F1/AM595R1,	respec-
tively	 (Ybanez	et	al.,	2013).	The	PCR	mastermix	 for	amplification	of	











A	 maximum-likelihood	 multi-locus	 phylogenetic	 analysis	 was	 per-




Confidence	 intervals	 (95%)	 for	 frequencies	 were	 calculated	 as	
Wilson	 score	 intervals	 using	 the	 propCI	 0.3-3	 package	 in	 R	 3.5.1	
(Scherer,	2018).




169	were	male	and	141	female.	All	 ticks	were	 identified	as	D. nut‐
talli.	The	number	of	ticks	that	could	be	collected	ranged	from	4	 in	
Tsenkhermandal	to	118	 in	Delgerkhaan	 (Table	S2).	Ticks	were	also	
collected	 from	 24	 trapped	 rodents.	 In	 Jargaltkhaan,	 193	 tick	 lar-
vae	were	 collected	 from	14	 rodents,	 and	 in	Bajan-Adarga,	 56	 tick	
larvae	 were	 collected	 from	 9	 rodents.	 One	 trapped	 rodent	 from	
Bajan-Adarga	was	not	 infested	with	ticks.	Of	these	249	 larvae,	49	
were	damaged	and	could	not	be	properly	identified.	The	ITS2	gene	











was	 preliminary	 named	 Anaplasma	 sp.	 Mongolia	 (26/310;	 8.4%),	
Candidatus	 Midichloria	 sp.	 (18/310;	 5.8%),	 Theileria equi	 (16/310;	








bovine	blood	 samples	 (Table	1).	The	msp5	 sequences	 (MK583951)	
showed	 91.8%	 identity	 (580/632)	 to	 the	 msp5	 sequence	 of	







detected	 in	 the	 blood	 of	 cattle	 in	Undurkhaan,	Mongolia	 (Ybanez	
et	al.,	2013).	A	multi-locus	analysis	based	on	the	16S	rRNA	and	groEL 
gene	sequences	of	Anaplasma	sp.	Mongolia	showed	that	it	clustered	
with A. ovis	 isolates	 from	China	 and	South	Africa	 (Figure	1).	DNA	
of	A. marginale, B. bigemina and B. bovis	was	not	detected	in	any	of	
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4  | DISCUSSION
Reports	on	the	molecular	detection	of	the	causal	agents	of	bovine	
anaplasmosis	 and	 babesiosis	 in	Mongolia,	 outside	 of	 their	 known	
distribution	range,	prompted	us	to	conduct	a	field	study	in	Khentii	
province	 to	determine	 the	prevalence	of	 these	pathogens	and	ex-
amine	 their	 local	 epidemiology.	 In	 previous	 reports,	 Khentii	 prov-
ince	was	noted	 to	be	 the	 region	with	 the	highest	overall	 infection	









which	was	detected	 in	blood	samples	collected	 from	sheep	 (7.4%,	
2/27)	and	goats	(13.3%,	2/15)	in	Khentii	(Enkhtaivan	et	al.,	2019).
The	 tick	 fauna	 of	Mongolia	 comprises	 14	 species	 (Dash	 et	 al.,	
1989),	with	D. nuttalli	being	 the	most	common	tick	collected	 from	
domestic	 animals	 (Altangerel	 et	 al.,	 2011;	 Enkhtaivan	 et	 al.,	 2019;	
Narankhajid	 et	 al.,	 2018).	 The	 activity	 period	 of	 ticks	 in	Mongolia	
generally	 lasts	 from	 March	 to	 June	 for	 adults	 and	 from	 May	 to	
September	for	juveniles,	with	a	peak	in	July	and	August	(Dash,	1988).	
Since	May	and	June	are	the	months	in	which	the	activity	of	all	 life	




infection	of	A. marginale, B. bigemina or B. bovis	develop	persistent	









&	Ohashi,	 2017).	 The	 use	 of	 convenience	 sampling	 or	 differences	
in	the	detection	limits	of	the	tests	used	might	form	possible	expla-
nations	for	these	findings,	since	parasitemias	 in	asymptomatic	car-





SBP2	 nPCR	and	of	2	 copies/PCR	 for	 the	A. marginale msp5	 nPCR,	











that	 differences	 in	 sampling	 methodology	 or	 detection	 limits	 be-
tween	the	used	assays	caused	the	different	results.	The	transmission	
cycles	and	veterinary	relevance	of	potential	A. marginale, B. bigemina, 
B. bovis and T. orientalis	infections	in	Mongolian	cattle	thus	remain	to	
be elucidated.
Other	TBPs	that	were	detected	by	RLB	included	the	uncharac-
terized	Anaplasma	 sp.	Mongolia	 in	 31.8%	 (153/481)	 of	 the	 bovine	
blood	samples	and	8.4%	 (26/310)	of	 the	adult	D. nuttalli	 ticks	col-
lected	from	the	vegetation.	This	species	is	closely	related	to	A. ovis 




idence	of	 transovarial	 transmission	of	 this	Anaplasma	species	 in	D. 
nuttalli	 (Moore	et	al.,	2018).	Further	 studies	are	however	 required	
to	 confirm	 this	 and	determine	 the	 pathogenicity	 of	Anaplasma	 sp.	
Mongolia	for	livestock	and	humans.





by	a	high	 level	of	transovarial	 transmission	 (Moore	et	al.,	2018).	
Rickettsia raoultii	 is	a	spotted	fever	group	(SFG)	rickettsia	that	is	
F I G U R E  1  Maximum-likelihood	phylogenetic	analysis	of	
Anaplasmataceae	using	a	multi-locus	analysis	based	on	16S	rRNA	
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predominantly	found	in	Dermacentor	species	 in	Europe	and	Asia	
and	has	been	associated	with	a	syndrome	characterized	by	scalp	
eschars	and	neck	 lymphadenopathy	 in	humans	 (Liu	et	 al.,	2016;	
Parola	et	al.,	2013).	Reports	 from	China	also	describe	 the	 isola-
tion	 of	R. raoultii	 from	 patients	 presented	with	 a	 febrile	 illness	
and	 localized	 rashes	 (Jia	 et	 al.,	 2014;	 Li	 et	 al.,	 2018).	 A	 recent	
study	on	the	seroprevalence	of	SFG	Rickettsia	showed	a	consid-
erable	exposure	to	SFG	Rickettsia	 in	Mongolian	herders	 (19.5%,	
73/374)	and	livestock	(20.4%,	478/2342),	to	which	R. raoultii may 
have	contributed	(von	Fricken	et	al.,	2018).	Other	SFG	Rickettsia	
reported	 to	 occur	 in	Mongolia	 are	R. sibirica and Candidatus R. 
tarasevichiae	 (Boldbaatar	et	al.,	2017;	Lewin,	Bouyer,	Walker,	&	
Musher,	2003).
DNA	of	two	other	zoonotic	pathogens,	B. afzelii and Candidatus 
N.	mikurensis,	 was	 detected	 in	 questing	D. nuttalli	 ticks.	Borrelia 






and	Asia	 and	was	 recognized	as	 a	human	pathogen	causing	a	 fe-
brile	 illness	 in	 2010	 (Kawahara	 et	 al.,	 2004;	 Portillo,	 Santibanez,	
Palomar,	Santibanez,	&	Oteo,	2018;	Welinder-Olsson,	Kjellin,	Vaht,	
Jacobsson,	&	Wenneras,	2010).	In	Mongolia,	this	bacterium	was	de-






sp.	 are	 symbionts	 of	 ticks	 which	 are	 also	 secreted	 with	 tick	 sa-
liva,	causing	an	immune	response	in	infested	humans	and	animals	
(Bazzocchi	 et	 al.,	 2013;	Cafiso	 et	 al.,	 2019).	 It	 is	most	 frequently	
found	 in	 Ixodes	 ticks,	but	has	been	reported	 in	other	 tick	genera,	
including	Dermacentor,	as	well	(Dergousoff	&	Chilton,	2011).
Equine	 piroplasmosis	 is	 widespread	 in	 Mongolia	 (Boldbaatar	
et	 al.,	 2005;	 Sloboda	 et	 al.,	 2011),	 and	 the	 detection	 of	 its	 causal	
agents,	B. caballi and T. equi	in	a	number	of	questing	D. nuttalli	ticks,	
is	 consistent	 with	 previous	 publications	 (Battsetseg	 et	 al.,	 2001,	
2002;	Narankhajid	et	al.,	2018).
This	study	revealed	the	presence	of	multiple	pathogens	of	med-
ical	 and	 veterinary	 relevance	 in	 ticks	 and	 bovine	 blood	 samples	
collected	in	Khentii	province,	Mongolia.	Additional	studies	are	re-
quired	to	study	their	clinical	impact	and	epidemiology.	In	contrast	
to	previous	reports,	we	could	not	detect	A. marginale, B. bigemina 
and B. bovis	 in	 local	cattle	and	ticks.	The	origin	and	epidemiology	
of	these	TBP	in	the	Mongolian	cattle	population	remain	enigmatic.
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